
Method of processing a workpiece, and a work carrier, in particular of porous ceramic 

The invention relates to a method in which a workpiece to be processed is fastened to a 
work carrier by means of a solid. 

The workpiece is, for example, a semiconductor disk, i.e. a "wafer". Thus very thin 
semiconductor disks are to be processed or they are to be produced from thicker 
semiconductor disks. When SOI technology (silicon on insulator) is used, the thickness 
of the thinned semiconductor disk or of another substrate, e.g. made of glass or 
ceramic, is, for example, less than 20 ^im (micrometers). 

The solid used is, for example, an adhesive or wax. The workpiece and work carrier are 
thus held together on account of the adhesion forces between the solid and the 
workpiece or the work carrier and on account of the cohesion forces in the solid. 

A problem with such methods is, for example, the uniform application of the solid, in 
particular having a planar surface, to which the workpiece can then be applied so as to 
lie in one plane. But problems, e.g. workpiece fractures, also occur during the 
separation of the workpiece from the work carrier. If the workpiece is to be released 
especially carefully, the time required for the separation is considerably prolonged as a 
rule. 

One object of the invention, for processing a workpiece, is to specify a simple method 
which permits in particular uniform application of the solid and in particular simple 
separation of workpiece and work carrier. In addition, a work carrier is to be specified 
which is used in particular in this method. 

The object related to the method is achieved by the method steps specified in patent 
claim 1 . Developments are specified in the subclaims. 

The invention is based on the idea that the work carrier should be made of or contain a 
material which, on the one hand, promotes the connection of workpiece and work 
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carrier by means of a solid and which, on the other hand, also permits the separation of 
workpiece and work carrier in a simple manner. In the method according to the 
invention, a work carrier is therefore used which contains a porous material or is even 
made of a porous material. Porous means that the work carrier contains a multiplicity of 
cavities in the interior and also at its surface. These cavities are also referred to as 
pores. A porous surface, compared with a smooth surface, has improved adhesion 
properties for the solid. In addition, a large number of porous materials are available, so 
that suitable porous materials can be selected. 

In a development of the method according to the invention, a gas-permeable work 
carrier is used. The gas flows through passages from pores connected to one another 
or from elongated pores. In the development, a vacuum is generated at the work carrier 
when the workpiece is fastened to the work carrier, and this vacuum promotes the 
adhesion. Thus, in a refinement, a vacuum is generated after the application of the 
solid in liquefied form and before it has hardened. The vacuum sucks the solid into 
initial sections of the pore passages. Depending on the viscosity of the solid, the 
vacuum does not have to be maintained for the entire hardening time, but, for example, 
only at the start of the hardening. 

Due to the suction, the solid is uniformly distributed in a simple manner. Air bubbles are 
drawn off, so that adhesion over the entire surface is achieved. 

The vacuum is preferably set in such a way that the penetration depth of the liquefied 
solid does not exceed the average pore width. The adhesion between solid and work 
carrier is increased by this measure. Nonetheless, the adhesive can easily be released 
again from the work carrier. 

In a next development of the method according to the invention, the solid for separating 
the workpiece and work carrier is released by means of a solvent, for example by 
means of an organic solvent such as acetone, alcohol, ether or isopropanol. On 
account of the pores, the release of the solid from the work carrier and thus also of the 
workpiece from the work carrier is promoted, in particular also by pores which adjoin the 
solid and are connected to one another by passages. The passages may also be 
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formed by elongated pores which lie in the work carrier so as to start from the solid and 
end again at the solid. The release is accelerated as soon as there are pores under the 
solid which are not completely filled with the solid or are connected via pore passages 
to other pores which adjoin the solid. 

In a next development, a work carrier which is permeable to the solvent is used. This 
means that there are passages in the porous work carrier which are formed by pores 
connected to one another or by elongated pores, in which passages the solvent is 
transported, for example by capillary action or by the generation of a positive pressure 
or of a vacuum. In a refinement, the passages run from that side of the work carrier 
which adjoins the solid right up to that side of the work carrier which is remote from the 
side which adjoins the solid. Branches of these passages lead if need be to side 
surfaces of the work carrier. In particular, work carriers having a branched pore network 
are used. 

In a next development, the porous material is a ceramic, a glass, a glass ceramic, a 
metal, in particular a sintered metal, or a metal ceramic. Sintered metals are generally 
suitable. The pore formation can be promoted during the manufacture of these 
materials by material particles which burn out during manufacture being added. The 
materials used in the method according to the invention are also referred to as porous 
materials, e.g. as porous ceramic or porous glass. 

In a refinement, the average pore size has a value of between 20 urn and 500 |im, 
preferably between 50 ^iim and 100 ^m. Pore diameters lying within the last mentioned 
range form passages having a good capillary action. 

In a next development, the porosity of the porous material has a value of between 20% 
and 50%. In this case, the porosity indicates the ratio of the pore volume to the total 
volume of the material including the total pore volume. This provides a good 
compromise between the number of pores and the remaining stability of the work 
carrier. 
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In a next development, the value of the open porosity of the porous material lies 
between 10% and 600, in particular between 20% and 50%. In this case, the open 
porosity indicates the ratio of the volume of those pores which are connected via a pore 
passage to the margin of the porous material or which lie at the surface of the porous 
material to the total volume including the total pore volume. There is no distinction 
made in this case as to whether the pore passages run continuously or on one side, i.e. 
"blind passages". This ranges provide a good compromise between increased 
adhesion of the solid on the work carrier, between easy solubility and between sufficient 
stability of the work carrier. 

In another refinement, at least 10% or at least 20% of the pore volume belongs to pore 
passages which pass through the porous material. In this refinement, it is ensured that 
solvent is brought up to the solid to a sufficient extent. 

In another refinement, the porous materials used are the ceramics according to DIN 
(German Institute of Standardization) EN (European Standard) 623-2, 1992 or DIN 
51056, 1985. For example, P65 or P55 ceramics are used, which, inter alia, are 
produced by the company "Rauschert technisches Glas". 

In a next development, the pores are arranged irregularly and according to a uniform 
distribution. In contrast to fine bores arranged in a grid, in addition to the reduced cost 
of manufacture, a homogeneous distribution of the pores is also obtained, this 
homogeneous distribution promoting the connection of workpiece and work carrier or 
the separation of workpiece and work carrier. 

In a next development, the workpiece fastened to the work carrier is thinned during the 
processing, in particular to a thickness less than 100 urn or less than 20 ^im. For 
example, a grinding process is carried out in which the rate of material removal is 
greater than 1 jam/s, for example 3 \xn\/s. In addition, the workpiece is then dry polished 
or polished using a CMP process (chemical mechanical polishing). In this case, the rate 
of material removal is, for example, around 1 ^m/min. Instead of polishing, etching is 
also carried out over the entire surface, e.g. using a dry-chemical, a wet-chemical or a 
chemical process, e.g. plasma etching or reactive ion etching. The workpiece thinned in 
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such a way, e.g. a wafer, is then subjected, for example, to a lithographic process. 
Layer deposition can also be carried out on the thinned workpiece in order to produce 
semiconductor components or conducting paths. During these processing steps, a 
thinned workpiece can also be manipulated like a workpiece having the original 
thickness, in particular transported, inserted into or clamped in place in the processing 
machines and removed from the processing machines. 

In addition to the abovementioned adhesive or wax, the solid used, in a next 
development, is a plastic material or a double-sided adhesive tape. 

In a development, the solid fills the entire intermediate space between workpiece and 
work carrier in a simple manner. Alternatively, the solid fills only part of the intermediate 
space between workpiece and work carrier, for example a plurality of regions separated 
from one another by intermediate spaces or an annular region which surrounds a region 
which is not filled. The release is further facilitated by the partial filling. 

In a further aspect, the invention relates to a work carrier which has the shape of a plate 
or a disk. The work carrier contains a porous material or is made of a porous material. 
The abovementioned technical effects thus likewise apply to the work carrier. In 
particular, in developments, the work carrier has features of a work carrier used in the 
method according to the invention or in its developments. The work carrier can in 
particular be reused and serves to facilitate the holding, transporting or manipulating of 
even a thinned workpiece. 

In a development, the work carrier has the outline of a semiconductor wafer, that is to 
say it also has if need be a "flat", i.e. a flattening for identifying the crystal direction. The 
diameter of the work carrier is equal to the diameter of a semiconductor wafer, i.e. equal 
to 1" (1 inch = 25.4 mm), 2", etc., right up to a diameter of 12" or 13", etc. The selection 
of such a diameter ensures that there is no projecting margin of the semiconductor 
wafer. The work carrier also does not project beyond the semiconductor wafer. This 
would make it difficult, for example, to generate a vacuum. 



6 



Developments of the method according to the invention are explained below with 
reference to the figures. In the drawing: 

Figure 1 shows a plan view of a work carrier, 

Figure 2 shows a sectional view of the work carrier, 

Figure 3 shows the fastening of a semiconductor wafer to the work carrier, 

Figure 4 shows the thinning of the semiconductor wafer fastened to the work carrier, 
and 

Figure 5 shows the separation of semiconductor wafer and work carrier by means of a 
solvent. 

Figure 1 shows a plan view of a work carrier 10 of ceramic RAPOR P65. The work 
carrier 10 has the shape of a disk with a diameter DM1 of 12" (1 inch = 25.4 mm) , i.e. 
about 300 mm. The work carrier 10 is flattened on one side 12 in order to simulate a flat 
of the wafer to be fastened to the work carrier. The work carrier 10 contains a 
multiplicity of pores 14, 16 which lie at the surface to which the wafer is to be fastened. 

Figure 2 shows a sectional view of the work carrier 10. In the exemplary embodiment, a 
thickness D1 of the work carrier 10 is 770 ^m (micrometers). This thickness 
corresponds to the thickness of a 12" silicon wafer. A multiplicity of pores 20, 22 also lie 
in the interior of the work carrier 10. Adjacent pores are interconnected in the interior of 
the work carrier 10 to form a multiplicity of pore passages 24, 26 which run from the top 
side 30, i.e. the side for fastening the wafer, right up to the rear side 32 of the work 
carrier 10. The pore passage 24 is comparatively rectilinear, whereas the pore passage 
26 runs in a meander shape. 

Figure 3 shows a sectional view through a holding device 50 which serves to connect a 
semiconductor wafer 52 to the work carrier 10. The holding device 50 contains a base 
plate 54, on which a holding ring 56 is fastened. In its top part, the holding ring 56 has 
an inside diameter which corresponds to the diameter DM1 . In its bottom part, the 
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holding ring 56 has a slightly smaller diameter, so that a bearing surface for the work 
carrier 10 is formed. A chamber 58 is produced between the work carrier 10 resting on 
the holding ring 56 and the base plate 54. Arranged in the center of the chamber 58 in 
the base plate 54 is a suction passage 60, which is connected to a vacuum pump. 

After the work carrier 10 has been put onto the holding ring 56, the top side 30 of the 
work carrier 10 is coated with an adhesive, e.g. with an adhesive on an epoxy resin 
basis. After the adhesive 62 has been applied, the vacuum pump is switched on and a 
vacuum is generated in the chamber 58, see arrow 64. By means of the vacuum, the 
adhesive 62 is sucked into the pores on the top side 30, e.g. into the pores 14 and 16, 
and into the initial sections of the pore passages 24 and 26. With the vacuum 
continuing to be maintained, a 12" semiconductor wafer 52 having a thickness D2 of 
750 |im is then put onto the adhesive coating 62 and pressed on lightly if need be. The 
vacuum pump is switched off after the adhesive 62 has hardened. 

In the exemplary embodiment, the height of the holding ring 56 is dimensioned in such a 
way that the side surfaces of the work carrier 10 and of the adhesive 62 are completely 
covered and the side surface of the semiconductor wafer 52 is partly covered. Due to 
this measure, if a sealing material for the holding ring 56 is suitably selected, no 
secondary air is drawn, so that the semiconductor wafer 52 is drawn uniformly onto the 
adhesive 62. In figure 3, the coating of adhesive 62 is shown greatly enlarged compared 
with the coating thickness of the work carrier 10 or of the semiconductor wafer 52. 

After the hardening, the semiconductor wafer 52 fastened to the work carrier 10 is 
removed from the holding device 50 and transported to a grinding machine by means of 
a transport device, e.g. a wafer cassette. By means of the grinding machine, the 
semiconductor wafer 52 is thinly ground from 750 jam to 105 urn. During the grinding, 
the semiconductor wafer 52 is held on the work carrier 10 in a holding device. After the 
grinding, the thinned semiconductor wafer 52 is transported to a CMP machine 70 
(chemical mechanical polishing) shown in figure 4 and is inserted there into a holding 
ring 72. 
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As shown in figure 4, the holding ring 72 is fastened on a base plate 74 of the CMP 
machine 70. By means of a grinding tool 76 and a polishing means (slurry) (not shown), 
the semiconductor wafer 52 is thinned by 5 [im for example. The thickness of the 
thinned semiconductor wafer 52a is then 100 urn. The grinding tool 76 contains a drive 
shank 80, which is rotated in a direction shown by a direction of rotation arrow 81 , a 
grinding disk 82 and a polishing cloth 84 fastened to the grinding disk 82. 

In an alternative exemplary embodiment, the work carrier 10 is held in the CMP 
machine 70 by means of a vacuum. In this case, the holding device of the CMP 
machine 70 is constructed like the holding device 50, i.e. there are again lateral seals, a 
stepped holding surface in the holding ring, and at least one suction passage. 

After the thinning of the semiconductor wafer 52a, a number of further method steps 
can be carried out on the semiconductor wafer 52a connected to the work carrier 10, a 
multiplicity of transistors being produced, for example, on the semiconductor wafer 52a. 
A semiconductor wafer 52b is obtained. 

As shown in figure 5, the semiconductor wafer 52b, after these method steps, is 
removed by means of a liquid solvent 90 which is located in a tank 92. The tank 92 has 
a base 94 through which a through passage 96 passes. Fastened concentrically 
around the through-passage 96 on the base plate 94 is a holding ring 98, which, like the 
holding rings 56 and 72, also follows the course of the margin of the work carrier 10, i.e. 
it simulates in particular a flat 13. In the top region, the holding ring 98 has a diameter 
which corresponds to the diameter DM1 . In its bottom region, it has a smaller diameter, 
so that a bearing surface for the work carrier 10 is produced. A chamber 100, into 
which solvent is pumped through the through-passage 96, see arrow 102, is formed 
between the work carrier 10 and the base plate 94 by the holding ring 98. The solvent 
passes through the pore passages 24 and 26 right up to the adhesive 62. The top edge 
of the holding ring 98 extends only approximately halfway up the side wall of the work 
carrier 10, so that solvent can escape at the sides into the tank 92. The escaped 
solvent then penetrates from outside into the adhesive joint filled with adhesive 62 and 
further accelerates the solvation process. In another exemplary embodiment, the 
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solvent is drawn off through the through-passage 96, see arrow 104. In this case too, 
solvent passes out of the tank 92 through the pore system in the work carrier 10 up to 
the top side of the work carrier 10 to the adhesive coating 62. 

In another exemplary embodiment, before the semiconductor wafer 52b is released 
from the work carrier 10, a further work carrier is fastened to the exposed side of the 
semiconductor wafer 52b, this further work carrier thus being designed like the work 
carrier 10. In this case the processing of the semiconductor wafer 52b can now be 
continued on its rear side. 

By the method steps explained with reference to figures 1 to 5, processing is carried out 
in a simple manner, and this processing can be carried out with high efficiency, in 
particular with low fracture rates and without other damage. The time for the release 
process is very short. In addition, the work carrier 10, i.e. the ceramic plate, can 
immediately be reused after the release of the semiconductor wafer 52b. 



